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The maturation of myocardial alpha adrenoceptors was invesgroups. In order to determine furthe; that this method of me; -tigated in dogs. Alpha adrenoceptors were characterized by rabrane preparation gave valid comparisons among age groups dioligand binding using [3HI-WB4101. In neonatal cardiac memstudied, adenylate cyclase activity was also measured in crude and branes, the binding of the ligand was rapid, reversible, of high partially purified membranes before and after sodium fluoride affinity, saturable and stereoselective. The competition studies M) stimulation. Adenylate cyclase activity was measured with adrenergic agonists and antagonists were indicative of alpha according to the method of Solomon et al. (31) . The sodiumfluoride-stimulated adenylate cyclase activity in the 30,000 x g adrenoceptors. In adult dog cardiac membranes, consistent spe-fraction was 2.5 times that of the sodium-fluoride-stimulated cific binding of the liband could not be demon*rated. These adenylate cyclase activity the crvde homogenates of aU groups studies indicate that there is a decrease in alpha adrenergic studied including the adult. The sodium-fluoride-stimulated adereceptor density of canine cardiac membranes during maturation. nylate cyclase activity was greatest in the 30,000 fraction, with the values of 99.7 pmole/mg protein/min at I wk (n = 2), 96.9 Speculation pmole/mg protein/min at 3-5 wk (n = 2) and 204.9 pmole/mg changes in membrane receptor density and affinity may be protein/min in adults (n = 2). It should also be noted that Bers important mechanisms in the ontogeny of myocardial function.
(4) more purified membranes showed that the specific activity of pure sarcolemmal membranes were qualitatively similar in neonatal and adult hearts. Previous studies seeking to identify alpha adrenoceptors in Binding assay. Alpha adrenoceptors were assayed using the myocardial tissue have yielded varying results (2, 9, 33, 35, 37) . radioligand [3Hl-WB4101 (2,6 dimethoxyphenoxy-ethyl amino Using the radioligand, dihydroergocryptine, Wei and Sulakhe (35) methyl 1,4 benzodioxane) a highly specific alpha I adrenoceptor have demonstrated the presence of alpha adrenoceptors in rat antagonist (18, 32, 38). Assays were performed in triplicate. The myocardium but not in the dog. They were similarly unable to partically purified cardiac membranes were incubated with the detect alpha adrenoceptors in the myocardium of either rabbit or radioligand at 23OC for 10 min. The incubation buffer consisted guinea pig; however, Karliner et al. (19) using the alpha 1 adre-of 50 mM Tris-C1, 10 mM MgC12, pH 7.5. The bound ligand was noceptor antagonist, prazosin, as the ligand, demonstrated the separated from the free ligand using the rapid filtration technique presence of alpha adrenoceptors in the guinea pig myocardium. of Lefkowitz (21) . In each experiment, nonspecific binding was Recently, Cheng et al. (9) reported that the fetal sheep heart had determined by the coincubation of the membranes and the radialpha adrenoceptors, although similar receptors could not be oligand in the presence of 100 pM L-norepinephrine. Total binding demonstrated in the ewe. In a previous report from this laboratory, was the amount of radioligand bound in the absence of norepiage related changes in beta receptor density were demonstrated in nephrine. The specific binding was the difference between total the myocardium of the dog (24) . Although beta adrenoceptor and nonspecific binding. Specific binding was corrected for proaffinity remained constant during maturation, maximum receptor tein concentration. Maximum receptor occupancy (R.) and disdensity increased with age. The present study was undertaken to sociation constant (Kd) were calculated from Scatchard plots (28) . determine whether alpha adrenoceptors in dog myocardium also Protein concentration was measured by the method of Lowry et show age related changes.
al. (22) . Since alpha adrenoceptors have been described in rat heart, membranes prepared from this animal was used as reference MATERIALS AND METHODS tissue (37) . The standard for comparing the groups of animals was receptor ~d u l t mongrel dogs kept on a standard laboratory diet (Purina per mg protein. As mentioned above, the protein recovery in our Chow) and puppies, 1-5 ~k o l d , were sacrificed the membranes was similar in all age groups studied. Further justifiadministration of sodium pentobarbital. The heart was immedi-cation for this reference standard could be obtained from the ately excised. After removal of the pericardium1 it was washed and report of Cole et al. (10) . These authors found that tissue recovery then placed in cold (4°C) buffer consisting of 0.25 M sucrose, 5 (mg protein per g of wet tissue weight) remained constant during mM Tris chloride and 1 mM magnesium chloride adjusted to pH development. 7.5. he e~icardial fat and great vessels were removed from the The values are presented as mean f S.E. Statistical significance heart and minced at 4OC. Hearts from 3-4 puppies were pooled was ascertained by the Student's t test. A P value of 0.05 or less for each assay. In the adult dog, one heart was used in each was accepted as significant. experiment. Homogenates were prepared in a dounce homogenizer fitted with ground glass pestle. Partially purified cardiac (37) and by Raisman et al. (26) . In partially purified cardiac membranes from adult dogs however, no specific binding of [3H]-W~4101 could be consistently demonstrated (n = 4). In contrast, [3H]-WB4101 binding to cardiac plasma membranes from puppies (n = 4) was rapid (T % = 32 sec) reaching a steady state within 5 min and remained at a steady state for at least 30 min. Specific binding was saturable at 40-50% and remained linear throughout the protein concentration range of 0.2-2.5 mg/ ml. Competition studies with agonists (Fig. I) or antagonists (Fig.  2) were consistent for alpha adrenoceptors. The potency sequence for agonists was epinephrine > norepinephrine > isoproterenol. Stereospecificity was also demonstrated (-)-norepinephrine > (+)-norepinephrine > (-)-isoproterenol > (+)-isoproterenol. The potency sequence for antagonists: prazosin > yohimbie >> propranolol.
The R. and Kd values in puppies are shown in Table I puppies the R. was 139 + 44. There was no difference between the R. values between one and 3-5-wk-old puppies.
DISCUSSION
In the present experiments in dogs, alpha adrenoceptors were demonstrated in puppy myocardium but were not demonstrable in adult dog heart. These studies agree with the report of Wei and Sulakhe (39, which also failed to demonstrate the existence of alpha adrenoceptors in the adult dog, and are comparable to the studies of Cheng et 01. (9), which found alpha adrenoceptors in the fetal sheep heart but not in the heart of the ewe.
The physiologic role of alpha adrenoceptors in the heart was not examined in the present experiments. Although it has been reported that alpha adrenoceptors increase myocardial wntractility in the adult (3, 13, 15-17, 23, 30) , negative inotropic effects have also been noted (29, 34) . Wenzel and Su (36) have postulated that there are alpha and beta stimulatory and alpha inhibitory receptors in the heart. The negative inotropic effect of alpha inhibitory receptors have been shown only under conditions of high cellular calcium and during rapid stimulation [conditions that may be present in the neonatal environment (27) ]. If indeed alpha adrenoceptors can produce a negative inotropic response, the high receptor density for alpha adrenoceptors in the young reported here and the lower number of myocardial beta adrenergic receptors found in the newborn dog (24) could explain in part the decreased inotropic responses of the heart to both endogenous and exogenous catecholamines (5-8, 12, 14, 25) .
As previously reported, the number of cardiac beta adrenoceptors is relatively low in the I-wk-old canine and increases with age. The combined studies therefore indicate a shift in receptor density with age. It has been suggested that alpha and beta adrenoceptors may be interconvertible isomeric forms of the same cell surface protein (20) . It has also been proposed that beta receptors may regulate alpha receptor density (I I). Our present findings taken together with our previous observation would support a close relationship between alpha and beta adrenoceptors. 
